Preface
vii W e are increasingly concerned, even alarmed, at the impact humans have on the Earth. With the geometric increase in population, concerns of sustainability are paramount. Yet many designers, land-use planners, hydrologists, developers, and others involved in this human impact continue to look at the environment piecemeal by focusing on the impact on a small area.
Design for sustainability requires us to look at the larger environment. Although we cannot correct many past mistakes, we can modify some and strive to design better.
My previous two books, Ecosystem Geography (Springer-Verlag, 1996) and Ecoregions: The Ecosystem Geography of the Oceans and Continents (Springer-Verlag, 1998) , describe the vital importance of understanding regional ecology and regional-scale ecosystem units, or simply ecoregions. Many planners, heads of federal agencies, ecologists, and other professionals realize that we must consider the larger geographic scale of human impact in our land-management and conservation programs.
In this third book, I synthesize and illustrate the key principles of design and planning that relate to ecoregions and expand ecoregion concepts to include the human factors. This book explains the value of taking an ecoregional approach to sustainability. It completes my ecoregion triology and provides examples of the application of ecoregion concepts to professionals who design and manage our planet's beleaguered land and water resources. This book moves beyond defining ecoregions, to showing how an awareness of that definition can play a significant role in the search for sustainability.
In the course of my 35-year career as a Forest Service geographer, I have made research expeditions to many of the ecoregions of North America, Europe, Asia, and Africa. However, most of the examples I have included in this book are drawn from the regions I know best, namely those where I have lived and worked the longest: San Dimas Experimental Forest near Los Angeles (California Coast Range); Ogden, Utah (Intermountain Semi-Desert and Desert); Teton National Forest (Middle Rocky Mountains); Lake Tahoe Basin (Sierran Mountains); Fort Collins, Colorado (Great Plains Steppe).
This book is not a design handbook or technical reference filled with detailed case studies. Instead, it is designed to broaden the perspective of designers and planners so that they can address problems on a much larger spatial scale. As such, it is more philosophical than a howto guide. Because the subject matter is inherently transdisciplinary, terms in bold are defined in the Glossary. Also included are a Resource Guide and a Selected Bibliography to assist those who take a deeper interest in the subject. Nature (1969) .
I would like to acknowledge Bob Alexander of the U.S. Geological Survey (now retired) for starting my thinking about sustainability at the ecoregional scale. I also wish to acknowledge two of my Forest Service colleagues, Eric Smith and Gordon Warrington (retired), who suggested ideas for inclusion in the book. Recognition for support should also go to Tom Hoekstra, Director of the Inventory and Monitoring Institute of the U.S. Forest Service. As always, it has been a pleasure to work with Lev Ropes of Guru Graphics and Linda Ropes of Creative Ink. The framework for this book is based on artwork that Lev prepared for lectures I have given on this subject. The text for the book is an extended caption for the artwork.
I wish finally to make mention of Susan Strawn. It is with deepest gratitude for her love and support, and all the time, talent, and ideas offered during the past 10 years, that I dedicate this book to her. 
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Enhancing vegetation maps. If we are to create a sustainable world-one in which we are accountable to the needs of all future generations and all living creatures-we must recognize that our present forms of agriculture, architecture, engineering, and technology are deeply flawed. To create a sustainable world, we must transform these practices. We must infuse the design of products, buildings, and landscapes with a rich and detailed understanding of ecology.
This statement parallels Wann's observation in his book Biologic (1994, pp. xvi, 3) "that environmental deterioration is a lack of relevant information . . . [and that] poor design is responsible for many, if not most, of our environmental problems." Much of this situation has come about at a time when complacency and consumption have overshadowed human connections to natural systems.
Sustainable design in human developments has come to the forefront in the last 20 years. It is a concept that recognizes that human civilization is an integral part of the natural world and that nature must be preserved and perpetuated if the human community is to sustain itself indefinitely. Sustainable design is the philosophy that human development should exemplify the principles of conservation and encourage the application of those principles in our daily lives.
In order to integrate ecology and design, we must mirror nature's deep interconnections with our own way of thinking about design. The concept of sustainable design holds that future technologies must function with the way nature works. Unfortunately, many planners and managers continue to look at the environment piecemeal by focusing only on local impact of development. We must consider human impact on large geographic scales in land management and conservation programs.
Understanding Whole Systems
The good news is that, in the United States, the Bureau of Land Management, Fish and Wildlife Service, Forest Service, and National Park Service are phasing into a radically new approach to managing the public lands. They are shifting from their focus on individual resources, such as timber, to a more holistic approach of managing whole ecosystems. 1 In simple terms, the ecosystem concept states that the earth operates as a series of interrelated systems within which all components are linked, so that a change in any one component may bring about some corresponding change in the other components, and in the operation of the whole system. This new ecosystem approach to land management stresses the interrelationships among components and how they are combined (or integrated) rather than treating each one as a separate characteristic of the landscape (Fig. 1.1 ). This approach provides a basis for making predictions about resource interaction, such as the effects of timber harvesting on water quality.
One method of capturing this integration is the ecological land classification technique (Rowe and Sheard 1981) . This technique includes the delineation of units of land that display similarity among a number of components, particularly in ways that may affect their response to management and resource production capability. How these components are integrated can be shown at two general levels (at different scales). One level shows the integration within the local area, and another shows how the local area is integrated and linked with other areas across the landscape to form larger ecosystems.
There are several reasons for recognizing ecosystems at various scales. Because of the linkage between ecosystems, a modification of one ecosystem may affect the function of surrounding ecosystems. Furthermore, how an ecosystem will respond to management is partially determined by relationships with surrounding systems linked in terms of runoff, groundwater movement, microclimate influences, and sediment transport.
Multiscale analysis of ecosystems pertains to all kinds of land. Many planning issues transcend ownership and administrative boundaries and are multiagency, multistate, and international. These issues include air pollution, anadromous fisheries, forest insects and disease, and biodiversity. To address these issues, the planner must consider how geographically related ecosystems are linked to form larger ecosys-tems, regardless of ownership. This will also require government scientists and researchers to integrate their efforts across agency lines.
For example, in the Forest Service's Natural Resource Agenda, where the focus is to sustain and restore the fabric of whole ecosystems, the ownership and political boundaries are logically giving way to boundaries set by ecological criteria. The Forest Service is beginning to look beyond national forest boundaries and expand its horizons to view the forests from a larger ecosystem-based perspective ( Fig. 1.2) .
The Forest Service and other organizations are beginning to look at whole ecoregions: large, regional-scale ecosystems, like the Laurentian Mixed Forest and the Sonoran Desert. 2 Managing and conserving relatively small parcels of land will not do the job alone. What sustains ecosystems is large functional landscapes, where wildlife can migrate and respond to natural processes-like fire. We need a larger vision, and that is what ecoregions give us. We will continue to manage ecosystems at the local level, but we need to do so within the larger ecoregional context. We need to work with an array of partners and to provide greater involvement with local communities. This is necessary because ecoregions are not contained by political borders or administrative boundaries.
Bedrock ... The need for a regionalism has been recognized for many years. In December 1935, the National Resources Committee's report, Regional Factors in National Planning and Development, recognized that some national problems-notably use of natural resources-would require approaches based on boundaries that extend beyond conventional political jurisdictions (Foster 1997) . Others outside the government have played their part in influencing this regionalism, attachment to place, and environmentalism, such as artists and illustrators like William Henry Holmes, Thomas Hart Benton, Grant Wood, Maynard Dixon, and Georgia O'Keeffe, and writers like Wallace Stegner, John Brinckerhoff Jackson, and Ann Zwinger. Readers who seek an impression of the art movement known as Regionalism, in which Grant Wood (1892-1942) was a seminal figure, will find it in Wanda Corn's catalog of a traveling exhibition, Grant Wood: The Regionalist Vision (1983) . In Young Corn, Wood captures wonderfully the Prairie Parkland ecoregioncharacterized by intermingled prairie (replaced by corn fields), groves, and strips of deciduous trees-around Cedar Rapids, Iowa (Fig. 1.3 ).
Sustainable Design
The kinds of regional ecosystems vary vastly, including their ability to sustain impact. A trail in the tropical rainforest might disappear after a few years, but in the semiarid brushlands of Wyoming, it might take a century or more. The Mormon Trail, for example, is still visible 140 years after it was traveled (Fig. 1.4) . 
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N e b r a s k a Optimal management of land ensures that all land uses consistently sustain resource productivity and maintain ecosystem processes and function. This equals ecosystem capability, and capability provides the context for looking at land-management options. The expression for this relationship is Sustainability ϭ Resource productivity ϩ ecosystem maintenance ϭ Capability Sustainable design is the process of prescribing compatible land uses based on the limits of a place, locally as well as regionally. Sustainability, the capability of the natural systems to maintain themselves while still being used, is the key, whether it is called designing for sustainability, sustainable development, design with nature, environmentally sensitive design, or holistic resource management.
The Need for Regional Ecology
The need for a regional ecology approach is clear. When human intervention into ecological processes was small, nature often compensated. Furthermore, many impacts were localized, such as small-scale grazing in a river flood plain ( Fig. 1.5 ). This is not the case anymore, as evidenced by human disturbance of wild vegetation of whole continents ( Fig. 1.6 ). During the nineteenth century, settlers tamed the eastern half of the continent, cutting forests, plowing prairies, and draining swamps. The United States government exiled native peoples such as the Cherokees and Creeks west of the Mississippi. Wildlife declined everywhere, and several species became extinct, notably the passenger pigeon. In the Far West, the influx of Europeans had a devastating effect on the indigenous people and the environment. The California gold rush in the mid-1800s resulted in the arrival of miners in the thousands, who laid hills bare, and turned streams into muddy trenches. Many disappointed miners became farmers, turning the vast seas of grass into agricultural land and felling huge swaths of timber for housing and railroads ( Fig.  1.7) . Herds of elk, pronghorns, and big horn sheep that had once been abundant everywhere disappeared within decades, ranchers replacing them with sheep and cattle. The ranchers saw wildlife as competition to be eliminated. Predators such as wolves, mountain lions, and coyotes were prime targets. In the Great Plains, large areas of natural grassland have disappeared, replaced by farmland. This is the result of the 1862 Homestead Act that gave pioneer families 160 acres (65 hectares) of free federal land if they could farm it for five years. These are America's steppeswindswept, nearly treeless, and largely semiarid-that are so dry and desolate that pioneers called it the Great American Desert. This process of transformation was aided by the large number of small-town blacksmith-inventors in the Midwest. Most noteworthy is John Deere, who invented the steel plow. With this new technology, farmers could break the thick sod. The invention of barbed wire in 1873 made possible the inexpensive fencing of farms, which kept cattle drives and wildlife out of cultivated areas (and also changed the livestock industry). 3 Windmills made it possible for them to draw water to the surface for their livestock and farm animals. Thus, because water was available for domestic use as well as animals, human settlement in isolated areas became possible. The expansion of American civilization across the Plains also was shaped by another technological advance-the railroads. The railroads dictated where the rail went and, in the process, the locations of the farming communities. They were the mechanism that brought settlers and goods into the Plains and exported crops out. Without a railroad town, there could be little commerce to serve the growing population. In many cases, the rails were laid first and then the towns were situated at intervals along the rail corridor. The railroad companies offered incentives and made exaggerated claims about the advantages of a particular location in order to entice homesteaders. This same kind of boosterism was later used by the railroads and land developers to get people to move to southern California at the beginning of the twentieth century. The Southern Pacific Railroad Company started Sunset magazine in 1898, which continues publication to this day, as a sophisticated marketing tool to advertise the weather, scenery, and lifestyle of the region.
The present large-scale effects of human impact need to be evaluated on a macroscale. This is not only due to their large spatial nature [e.g., conversion of natural areas to crop monocultures such as farmland near Fort Collins, Colorado ( Fig. 1.8) ], but also because of the cumulative effects from aggregated local activities such as urban sprawl (Fig. 1.9) . Furthermore, leapfrogging, sprawling development erodes existing communities, converts prime farmland to housing, requires expensive new highways for commuters, reduces biodiversity, and harms the environment.
Furthermore, we must discard the artificial approach of outlining re-gional ecology problems that are strictly terrestrial or aquatic. Ecosystems related by geography are not necessarily related by common properties. An area of spruce forests and glacially scoured lakes, for example, constitutes a single ecosystem that is linked by downhill flows of water and nutrients, through coarse Spodosol soils, 4 toward clear oligotropic ("few foods") lakes ( Fig. 1.10 ). Geographical related systems such as this, unified by an exchange of energy and material, may be combined into larger geographic units referred to as a "landscape ecosystem." Aside from interconnections between these ecosystems, the role of humans at regional scales begs against such simplistic considerations. We simply cannot regard terrestrial and aquatic components of landscape ecosystems as independent ecosystems, because they cannot exist apart from one another. Just as the lower part of a slope exists only in association with the upper, gullies could not form if no watershed existed. The units of a landscape always comprise connected or associated ecosystems. As stated earlier, within such an ecosystem the diverse component ecosystems are mutually associated into a whole by 1. Introduction the process of runoff and the migration of chemical elements. Their common history of development also unites them. Streams are dependent on the terrestrial systems in which they are embedded. Therefore, they have many characteristics in common within a given terrestrial system, including biota and hydrology. What we do to the terrestrial directly affects the aquatic. The most obvious example is sediment and woody debris deposited in streams and lakes as a result of increased erosion of the slopes surrounding the water body ( Fig.  1.11) . Sediment tends to have a negative effect, whereas the woody material is remarkable, as it helps host and nurture life for multiple communities (Maser and Sedell 1994) .
The reverse situation is also true, as impoundments lead to channel aggradation upstream and channel deepening downstream, among other problems (Fig. 1.12 ). An impoundment such as a dam creates an artificial base level for the stream or river upstream from the dam. As a result, its erosive power is decreased and its ability to carry sediment is reduced, so sediment is deposited at the upstream end of the reservoir. Because of this, the water released from the reservoir, with little or no sediment, has an increased ability to cut the channel deeper below the dam. Aggradation of the main channel above the dam and degradation below the dam affects the channels of tributaries flowing into the main channel because they are flowing to a new base level. The dam, therefore, has a regional effect far beyond the immediate vicinity of the structure and will differ considerably depending on the regional ecosystem in which it lies.
Such changes are not restricted to channel characteristics alone. Pringle (1997) addresses the biological changes that can occur in headwater systems as a result of downstream habitat deterioration and hydrologic modifications. Such changes include reduced genetic flow and variation in isolated populations because species no longer migrate upstream. This changes the regional patterns of biodiversity. The current 1. Introduction controversies over salmon spawning in the Columbia River basin are a prime example.
In the construction of dams in the western United States, almost no attention was paid to the ecological aspects of such hydrological modification, and even today these aspects have not been fully researched. It was discovered rather soon that the water temperature downstream from a dam is often greatly altered-usually lowered-and that the ecology of the water trapped above a dam is markedly different from before and supports different biota than had previously existed.
However, the dams were not isolated constructions. They were tied to areas often far away from their sites. For example, water is conveyed by tunnel and aqueduct to Los Angeles and San Francisco from dammed sources far away. Water from the Colorado River irrigates citrus groves hundreds of kilometers away ( Fig. 1.13) . The western United
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